The reaction of diethylaluminum hydride with the hydrazine derivatives 1-aminopyrrole and 1-aminopiperidine afforded the corresponding dialkylaluminum hydrazides (1 and 2) by the release of elemental hydrogen. Both products are dimeric in the solid state. While 1 adopts a cis arrangement of the pyrrole groups, a trans configuration was determined for the piperidine compound 2. Only 1 gives an equilibrium mixture of cis and trans isomers in solution. Similar compounds (3 and 4) were obtained by the treatment of the same hydrazines with di(tert-butyl)gallium hydride. Both products exhibit the trans configuration in the solid state, but interestingly only the piperidine derivative 4 shows a cis/trans equilibrium in solution.
Introduction
Organoaluminum, -gallium and -indium hydrazides are suitable precursors for the deposition of the corresponding metal nitrides by thermolysis reactions [1] . Furthermore they are of particular interest because the hydrazido ligands show a very interesting coordination behavior. They possess two donor atoms linked by an N-N bond and form a broad variety of different structural motifs upon coordination to metal atoms [2] . The synthesis of metal hydrazides was accomplished by different preparative procedures such as salt elimination, hydrogen or alkane release. Usually the first step of these reactions comprises the formation of adducts between the coordinatively unsaturated aluminum, gallium or indium atoms and the hydrazines. Several of these adducts could be isolated and characterized by crystal structure determinations [3 -12] . Subsequent elimination of suitable leaving groups afforded compounds with the monoanionic hydrazide units. Through bridging coordination of two metal atoms usually dimeric formula units having four-, five-or sixmembered heterocycles were obtained. Monomeric compounds bearing bulky substituents, or oligocyclic and cage-like hydrazides containing dianionic ligands, are relatively rare [5, 7, 9, 13 -27] . Hydroalumination of suitable dinitrogen compounds opened an alternative access to hydrazide dianions [22, 28, 29] . Appli-0932-0776 / 08 / 1000-1149 $ 06.00 c 2008 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com cations of these hydrazides in secondary processes require the synthesis of a broad variety of different compounds in order to get a systematic insight into their properties such as configuration, thermal stability, solubility, volatility, and decomposition behavior. Particular decomposition pathways seem to include rearrangement processes in the hydrazido groups. Therefore, we applied hydrazines possessing rigid backbones such as 1-aminopyrrole and 1-aminopiperidine in which one nitrogen atom is part of a heterocyclic system. Some compounds derived from these hydrazines and their stereochemistry are discussed in this report.
Results and Discussion

Reactions of diethylaluminum hydride with 1-aminopyrrole and 1-aminopiperidine
Treatment of dialkylaluminum and dialkylgallium hydrides with neutral hydrazines affords dialkylelement hydrazides by the release of elemental hydrogen. No separation of salt-like by-products is required in this synthesis, and the products are usually formed in a very high purity. Here, we treated diethylaluminum hydride with equimolar quantities of 1-aminopyrrole and 1-aminopiperidine in the solvents n-pentane or nhexane at r. t. or at −25 • C, respectively. Gas evolution occurred which was complete after few min- (1) utes (Eq. 1). The product of the 1-aminopyrrole reaction (1) precipitated directly from the reaction mixture and was recrystallized from toluene. In contrast, 1-aminopiperidine gave a clear reaction mixture. Colorless crystals of the hydrazide 2 were obtained after concentration of the solution and cooling to +4 • C. Crystal structure determinations confirmed the formation of dimeric diethylaluminum hydrazides possessing central Al 2 N 2 heterocycles in both cases. The NMR spectroscopic characterization of both products gave different results. The 1 H NMR spectrum of 2 showed a simple set of resonances of a single molecular form. A quartet (δ = 0.29) and a triplet (δ = 1.37) of ethyl hydrogen atoms indicated a centrosymmetric dimer and the trans arrangement of the piperidino groups. In contrast, an equilibrium mixture comprising two different isomers resulted for the hydrazide 1. One component had two sets of resonances of ethyl groups (triplets at δ = 1.07 and 1.10; quartets at δ = 0.14 and −0.07), but only two resonances for the hydrogen atoms of the pyrrole ring. This pattern is in accordance with the point group C 2v and a cis arrangement of the aromatic rings. The second component showed the simple spectrum characteristic of a trans form similar to 2. Thus, only the pyrrole derivative 1 shows a dynamic behavior in solution and gives different isomers upon dissolution in benzene. cis/trans Isomerisation has been observed previously for dimeric gallium hydrazides [7, 17, 18, 20] , but for the first time it was detected for an aluminum derivative. Crystal structure determinations verified the formation of dimeric diethylaluminum hydrazides for both compounds 1 and 2 ( Figs. 1 and 2 ). However, different configurations were found. Compound 2 has a centrosymmetric molecular structure with the trans arrangement of the terminal N-N bonds which reflects the standard form and has been observed for most of the dimeric aluminum, gallium or indium hydrazides possessing four-membered E 2 N 2 heterocycles. In contrast, 1 adopts a cis configuration with the N-N bonds on the same side of the central Al 2 N 2 ring. This particular configuration has been observed only once before with the indium hydrazide [Me 2 In-NH-N(H)CMe 3 ] 2 [24] . In accordance with the molecular symmetry, compound 2 is located on a crystallographic center of inversion with an ideal planar Al 2 N 2 heterocycle, while the inner ring of 1 is folded across the 
Reactions of di(tert-butyl)gallium hydride with 1-aminopyrrole and 1-aminopiperidine
Di(tert-butyl)gallium hydride is the only dialkylelement hydride that shows a dismutation reaction in solution [30] . While the trimer of the hydride was detected in the solid state, an equilibrium mixture was formed upon dissolution. Three compounds were identified by NMR spectroscopy: Ga(CMe 3 ) 3 , the sesquihydride [Me 3 C-GaH 2 ] 2 [(Me 3 C) 2 Ga-H] 2 and (Me 3 C) 2 Ga-H. Nevertheless this mixture usually gave clear reaction courses with the selective formation of the expected products. When we treated 1-aminopyrrol and 1-aminopiperidine with equimolar quantities of the hydride, relatively inhomogeneous reaction mixtures were obtained with gas evolution. Recrystallization of the raw products from n-pentane or toluene afforded the hydrazides 3 and 4 (Eq. 1) in only moderate yields of 26 and 33 %, respectively. The pyrrol derivative 3 gave only a single set of resonances in the NMR spectra. The occurrence of only one resonance of tert-butyl groups is in accordance with a centrosymmetric molecular structure similar to that of the aluminum compound 2. In contrast, two isomeric forms were detected in the solutions of the piperidine derivative 4. The NMR data are once more consistent with an equilibrium between cis and trans isomers. The cis form with both piperidino ligands on the same side of the inner Ga 2 N 2 heterocycle is easily identified by the occurrence of two different resonances of the tert-butyl groups attached to gallium.
Crystal structure determinations of 3 and 4 (Figs. 3 and 4) verified the dimeric formula units possessing central Ga 2 N 2 heterocycles. The molecules of compound 3 are severely disordered with two equivalent position of each pyrrole ring above and below the average molecular plane. Nevertheless, owing to the planarity of the inner ring we assume the centrosymmetric configuration as the most probable one which is similar to compound 4 and is shown in Fig. 3 . In accordance with the aluminum compounds described above, the Ga-N distances are slightly longer for the pyrrole derivative (207.0 pm versus 204.3 pm). The nitrogen atoms of the Ga 2 N 2 heterocycles have a tetrahedral coordination sphere. Those embedded in the aromatic pyrrole ring are in a trigonal planar configuration (sum of the angles 360 • ), while the piperidine nitrogen atoms exhibit a pyramidal surrounding (sum of the angles 327.6 • ). The most acute angles of the Ga 2 N 2 heterocycles were detected at the gallium atoms (82.1 and 83.4 versus 97.9 and 96.6 • at N).
Experimental Section
All procedures were carried out under purified argon in dried solvents (n-pentane and n-hexane over LiAlH 4 ; toluene over Na/benzophenone). Et 2 Al-H [31] , (Me 3 C) 2 Ga-H [30] and 1-aminopyrrole [32] were obtained according to literature procedures. Commercially available 1-aminopiperidine (Aldrich) was degassed prior to use. 
Reaction of Et
Reaction of (Me 3 C) 2 Ga-H with 1-aminopyrrole; synthesis of 3 (Me 3 C) 2 Ga-H (0.304 g, 1.65 mmol) was dissolved in 50 mL of n-pentane and treated with 1-aminopyrrole Table 1 . Crystal data, data collection, and structure refinement. [33] . The hydrogen atoms of methyl groups were calculated on ideal positions and refined by the riding model. Crystal data, data collection parameters and details of the structure refinement are given in Table 1 . The molecules of compounds 2 and 4 reside on crystallographic centers of inversion. The aminopyrrole ligands of compound 3 were disordered. The atoms were refined on split positions with site occupancy factors of 0.5. One tert-butyl group of 4 (CT2) showed a rotational disorder; the methyl groups were refined on split positions (0.503 to 0.497). CCDC 696057 (1), 696058 (2), 696059 (3) and 696060 (4) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam. ac.uk/data request/cif.
